, where the technique has been developed. "This simple, noninvasive procedure shows great promise as a technique for selective photothermal tumor ablation."
The absorption cross section of the nanoshells exceeds that of photoactivated dyes such as indocyanine green by six orders of magnitude. In addition, the wavelength for peak absorption can be adjusted by changing the thickness ratio between the shell's inner glass core and the outer gold layer.
The nanoshell fabrication starts with 110-nm diameter silica nanoparticles upon which small gold colloids are grown with diameters of 1 to 3 nm. The particles are then immersed in a gold-laced chemical solution in which the gold colloidal islands already on the silica act as nucleation sites and initiate the formation of a complete metal shell. Cancer-specific antibodies or peptides are then attached to the nanoshell surfaces, so that they can be targeted to bind directly onto tumors. The subsequent exposure to NIR light results in specific and localized thermal destruction of the cancerous cells.
The fabricated nanoshells were measured to have a gold thickness of 8 to 10 nm and peak absorption at 805 to 810 nm. Although the metal nanoshells have geometrically tunable optical resonances that can span a large portion of the visible and IR regions of the spectrum, this wavelength selection allowed the researchers to use commercially available 808-nm diode lasers for tumor irradiation. Fiber coupling simplified beam delivery and a collimating lens was used to put an irradiance of 4 W/cm 2 on target. The Rice team injected the nanoshells into the bloodstream of mice having tumors of 3 to 5.5 mm in diameter. The gold-coated particles were left to circulate for 6 hrs after injection to allow them to accumulate in the tumors. The researchers then irradiated the tumor region through the outer skin. After 30 s of illumination, the temperature in the tumors rose to about 50°C, significantly higher than in tissue without the nanoparticles. This indicated the preferential accumulation of the nanoshells in the tumor. Remarkably, within 10 days of the treatment, the tumors had been completely resorbed by the bodies of the mice.
Someday soon human patients may be diagnosed and treated at far earlier stages than currently possible, perhaps in an office visit. Selective binding of the nanoparticles to even very small and poorly formed tumors allows scans or thermal treatments to both reveal and destroy them in the early stages. "It's revolutionary in detecting cancer very early," says Donna The results should be useful not only for present communication systems but also for quantum communications, which requires efficient single photon light sources. "According to our results," says Noda, "the excited carriers (electrons and holes) are very effectively recombined and converted to photons." He sees the technology ultimately resulting in photonic chips, zero threshold current lasers, memory devices, and nonlinear devices.
Noda's team constructed "woodpile" PCs featuring gallium arsenide (GaAs) substrates with up to nine stacked layers of 0.7-µm-period striped GaAs, which were laser aligned for precision and then fused together. The addition of a light-emitting layer was a challenge. The active region contained an indium gallium arsenide phosphide (InGaAsP) multiple quantum well (MQW) layer grown on an InP substrate, which has a different thermalexpansion coefficient than GaAs. "When we first attempted to fuse the two, the GaAs layer and the InP layer separated during the cooling process," Noda explains. "We were able to overcome these thermal expansion issues by developing a multistep waferfusion technique that involves heating for longer periods at lower temperatures. We did this in combination with thinning
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Photonic Crystal Emitter Controls Light in Three Dimensions
Plots show emission when the defect wavelengths are outside the bandgap (left) and when the defect is at 1.55 µm, or within the bandgap (right).
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In The team then fused a second PC on top of the light-emitting layer. They made two PC samples, one with five layers and another with nine layers. The light-emitting layer in the samples was also stripe-layered to preserve the periodicity of the PC. The period length, width, and thickness of the stripe layers, including the light-emitting active MQWs, was 0.7 µm, 0.2 µm, and 0.2 µm, respectively. This placed the bandgap in the optical communications wavelength region at 1.55 µm.
Chips in hand, Noda's team set out to test the effect of the PBG on suppression of spontaneous emission. They excited the devices with a continuous-wave titanium-aluminum oxide laser operating at 900 nm. "We took care to see that only the MQW light-emitting layer was excited," says Noda. The team set the excitation power density at about 10 µW/µm 2 , at which point the MQW layer became transparent to the 1.55 µm emission wavelength of MQWs, then took the results of both five-layer and nine-layer crystals. These were compared with a reference sample and the results enabled the team to say that suppression of light emission was the result of the PBG effect.
Next, the team set about introducing several different sizes of artificial point defects into separate samples: (i) 3.77 µm × 3.60 µm, (ii) 2.39 µm × 2.52 µm, (iii) 1.75 µm × 1.77 µm, (iv) 1.02 µm × 1.03 µm, (v) 0.76 µm × 1.46 µm, (vi) 0.76 µm × 0.65 µm, and (vii) 0.44 µm × 0.60 µm. Photoluminescence (PL) spectra were recorded for these defects in the Γ-X' direction, then compared with measurements taken from a full PBG without defects (see figure on p. 9). Noda's group found that the largest defect (i) shows strong emission in a broad range of wavelengths contrasting with that of the full PBG region, indicating that defect-cavity modes are created. The number of defect-cavity modes is so large that emission from individual modes overlap. Emission in the wavelength region 1.45 to 1.6 µm is especially strong, suggesting that the full PBG results in enhancement of defect-mode emission by suppressing other leakage paths. When the defect size is steadily reduced from (i) to (vii), the broad multimode emission narrows until a single emission peak is observed for the smallest defect (vii), which the group believes to be the first clear emission from a nanocavity in the 3-D PC. Mathematical modeling supported the data. "Our results are direct evidence that light emission is suppressed in the PC region with emission coming only from the artificial defect," says Noda.
"It's the first time that spontaneous emission has been significantly suppressed and controlled in all three dimensions," says PC pioneer Eli Yablonovitch. "The suppression factor Noda achieved is about 100, but it could have been even larger with more layers in the photonic crystal. Noda's 3-D accomplishment stands as a tour de force. He is ahead of everybody in this field." -Charles Whipple U sed to pump a wide variety of crystals and drive fiber amplifiers and lasers, diode-based pump lasers are of great interest for materials processing, printing, industrial, medical, and military applications. Previously, production diode pump lasers have only been able to provide 50% electrical-to-optical (E-O) power-conversion efficiency (PCE). Now, by increasing the internal injection efficiency through strain adjustments to the quantum well barriers and incorporating a graded doping profile in the separate confinement heterostructure (SCH) layer, researchers at Alfalight Inc. (Madison, WI) achieved 65% PCE in a 970-nm indium gallium arsenide/indium gallium arsenide phosphide diode laser (see figure) . "Aluminum-free active devices have superior PCE compared to conventional aluminum-containing devices due to their low differential series resistance and higher thermal conductivity," explains Manoj Kanskar, vice-president of R&D at Alfalight. The program focuses on the 880-nm to 980-nm spectral range for pumping directly into the upper laser level of neodymium-or ytterbium-doped yttrium-aluminum-garnet lasers, a goal of particular interest to the military.
"We expect additional PCE improvements due to decrease in losses from series resistance, threshold current, carrier leakage outside the active region, band alignment, free-carrier absorption, and mirror loss," says Kanskar. Achieving 80% PCE in the future will require revolutionary design changes through the use of quantum-dot structures and growth of the quantum wells on a (110) 
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Alfalight's optimization effort has resulted in a peak wallplug efficiency of 65% near 970 ( )
